The structure and properties of the diffuse interstellar medium (ISM) on small scales, sub-au to 1 pc, are poorly understood. We compare interstellar absorption-lines, observed towards a selection of O-and B-type stars at two or more epochs, to search for variations over time caused by the transverse motion of each star combined with changes in the structure in the foreground ISM. Two sets of data were used: 83 VLT-UVES spectra with approximately 6 yr between epochs and 21 McDonald observatory 2.7m telescope echelle spectra with 6 -20 yr between epochs, over a range of scales from ∼ 0 -360 au. The interstellar absorption-lines observed at the two epochs were subtracted and searched for any residuals due to changes in the foreground ISM. Of the 104 sightlines investigated with typically five or more components in Na i D, possible temporal variation was identified in five UVES spectra (six components), in Ca ii, Ca i and/or Na i absorption-lines. The variations detected range from 7% to a factor of 3.6 in column density. No variation was found in any other interstellar species. Most sightlines show no variation, with 3σ upper limits to changes of the order 0.1 -0.3 dex in Ca ii and Na i. These variations observed imply that fine-scale structure is present in the ISM, but at the resolution available in this study, is not very common at visible wavelengths. A determination of the electron densities and lower limits to the total number density of a sample of the sightlines implies that there is no striking difference between these parameters in sightlines with, and sightlines without, varying components.
INTRODUCTION
The properties of the interstellar medium (ISM) on small scales, from sub-astronomical unit (au) to 1 parsec, remain poorly understood. The first indication that au-scale structures were present in H i was provided by Diamond et al. (1989) , who used Very Long Baseline Interferometry (VLBI) radio observations to identify changes in the 21 cm absorption towards three extragalactic radio sources as a function email: cmcevoy14@qub.ac.uk of resolution. This suggested foreground structures with linear dimensions of only ∼25 au. Further absorption-line VLBI measurements in H i (Faison et al. 1998; Brogan et al. 2005; Lazio et al. 2009; Roy et al. 2012 ) and molecules (Marscher, Moore & Bania 1993; Liszt & Lucas 2000) also found tinyscale structures, although with relatively small plane-of-sky covering fractions of ∼10 per cent. Similar results have been seen via multi-epoch H i absorption-line measurements towards pulsars (e.g. Frail et al. 1994; Johnston et al. 2003 ; Stanimirović et al. 2010 ) and indicate that, in H i, tiny-scale variations are a common phenomenon but with a low probability of intercepting any given line of sight.
Optical and UV observations have also been used to detect temporal and spatial variation in interstellar absorption. Most have relied upon multi-epoch ultra-high resolution optical observations in Na i and Ca ii (e.g Hobbs et al. 1991; Blades et al. 1997; Price, Crawford & Barlow 2000; Meyer et al. 2012) , although some authors have also detected variations in K i, Ca i and/or Fe i Smith et al. 2013; Galazutdinov et al. 2013) . Binary systems (e.g. Meyer 1990; Cordiner et al. 2013 ) and star clusters (e.g. Andrews, Meyer & Lauroesch 2001; van Loon et al. 2009 ) have also been used to study the fine-scale structure of the ISM. Watson & Meyer (1996) found differences in Na i towards the individual members of all 17 of the binary or multiple star systems they observed, with separations 480-29000 au. These observations imply a population of dense au-scale clouds in the ISM or changes in ionization or depletion over time, but are restricted to trace neutral species. Boissé et al. (2013) studied the spatial distribution of CH + , CH and CN on scales ranging 1-20 au for a single sightline towards Zeta Per, finding the neutral species to be uniformly distributed and a CH + excess implying its production in very small localized active regions of only a few au. Data for UV absorption-lines can probe dominant ions and provide further information on the physical conditions; time-variable UV lines have been found by e.g. Danks et al. (2001) and Welty (2007) . Further examples of time-variable interstellar lines are cited in the reviews by Crawford (2003) and Lauroesch (2007) .
We note it is difficult to decipher between apparent spatial and temporal variations in the foreground ISM. The main questions concerning these variations are as follows. What are the physical conditions in these structures? What is their formation mechanism? How stable are they and how do the structures seen in the optical relate to the H i absorption-line measurements? This is one of a series of papers which use data on earlytype stars in the UVES Paranal Observatory Project (POP; Bagnulo et al. 2003) 1 to study the ISM. In Hunter et al. (2006, Paper I ) the near-UV interstellar lines of Na i, Ti ii and Ca ii were observed towards 74 O-and B-type stars, and basic correlations in the observed column densities were investigated. Smoker et al. (2007, Paper II) combined these data with H i 21 cm observations to estimate distances to intermediate-and high-velocity clouds, while Smoker et al. (2011, Paper III) used POP observations of stars in open clusters (IC 2391, NGC 6475 and Praesepe) combined with archival multi-epoch data to search for small-(pc) and tiny-(au) scale structure of the ISM. They searched for variations in Ti ii, Ca ii K, Na i D and K i absorption; a total of three possible examples of tiny-scale structure were found.
Here we present UVES observations at additional epochs of the same POP O-and B-type lines of sight, coupled with additional data taken at McDonald observatory to search for time-variable absorption. The time between the two epochs was ∼6 yr for the UVES POP sample and ∼ 6 -20 yr for the McDonald data. Due to the proper motion of the stars, it is hence possible to study changes in their 1 http://www.eso.org/uvespop lines of sight on scales of ∼ 0 -360 au. We aim to extend the sample size of twin epoch observations to determine just how ubiquitous the small scale structure of the ISM is. To our knowledge this is the largest twin-epoch spectroscopic survey to date. This paper is organized as follows. Section 2 describes the archival data used, the new observations, and the data reduction, while Section 3 contains the main results. In Section 4 we discuss the upper limits and possible time-varying interstellar line strength in terms of different models of the ISM. Finally, Section 5 presents a summary of our results and suggests avenues for future research.
2 OBSERVATIONS, ARCHIVAL DATA, AND DATA REDUCTION
UVES data
Our study uses a combination of archival and new observations. Archival data from the ESO POP (ESO programme ID 266.D-5655(A), Bagnulo et al. 2003) were used to provide a catalogue of high resolution (R ≡ λ dλ ∼ 80, 000), covering the wavelength range 304 -1040 nm for about 400 stars obtained with the upgraded UVES spectrometer (Dekker et al. 2000; Smoker et al. 2009 ) of the ESO Very Large Telescope. The signal-to-noise ratio (S/N) of the stellar spectra is high, ranging 200 -800, and averaging 520 around Na i, and ranging 100 -800, averaging 330 around Ca ii. The POP survey contains a total of 98 O-and B-type stars, suitable for use as background sources to study the ISM. These sightlines form the first epoch of data for most stars in our sample, and were observed between 2001 and 2003. The merged versions of the spectra were taken from the POP website ((http://www.eso.org/uvespop Bagnulo et al. 2003) ).
New second-epoch observations of the same O-and Btype stars were taken during 2008 (ESO programme ID 081.C-0475(A)) on the same UVES instrument to allow direct comparison between the two epochs at the same spectral resolution. It is important to note that the measured resolution of the UVES data can change by up to 10 % over several yr, depending on the season 2 . We have investigated the effects of these small resolution changes on the column densities calculated and found that in the majority of cases, the differences are within the error estimates (see Sect. 2.5). The (390+580) setting was used giving wavelength coverage from 328-450 nm and 475-681 nm, with a gap from 578-581 nm where the two CCDs in the red mosaic are joined. For some sightlines where changes were detected, we obtained third epoch data in 2013 using the same instrumental setup (ESO programme ID 092.C-0173(A)). All of these data were reduced using the ESO UVES pipeline (Ballester et al. 2000) and the multiple exposures at each epoch co-added using iraf 3 , to bring the epoch 2 and 3 data to the same point of reduction as epoch 1. As the epoch 1 data were taken from the POP website, they had been reduced using an earlier version of the pipeline than the epoch 2 and 3 data. To investigate the effects of the different pipelines on the spectral resolution, a subset of epoch 1 data (including some showing possible variation) were re-reduced using a more recent pipeline. No significant resolution changes were discovered and so the merged version of the data from the POP website was deemed sufficient for comparison.
From this stage onwards all sets of UVES data were treated in exactly the same manner. Each spectrum was analysed in idl. Interstellar absorption-lines of interest (listed in Table 1 ) were isolated and each line from epoch 1 was cross correlated with its equivalent from epoch 2 or 3 to correct for any velocity shifts between the ISM lines in the two epochs, and to bring both epochs into kinematic localstandrad-of-rest frame. The two epochs were then overlaid so that any obvious changes in the line profiles could be identified by eye. Spectra were renormalized to remove the stellar continua and the Na i D spectra corrected for telluric absorption features where necessary, by dividing by a scaled telluric spectrum created from our set of observations with regions free of Na absorption or from Cerro Paranal Sky Model skycalc 4 (Noll et al. 2012; Jones et al. 2013 ). In all cases where possible variations were identified,they are seen in both the Na D1 and Na D2 lines, which are affected differently by telluric contamination, and so inconsistent correction of telluric lines could not account for the variation seen. epoch 1 spectra were subtracted from epoch 2 or 3 for each absorption feature to search for any residuals that would imply variations in the line of sight between epochs. It was also necessary to compare these residual plots to residuals caused solely by the slight differences in resolution in the two epochs of data due to small, but inevitable changes in the instrumental set-up between epochs-exposures.
Welty et al. data
In some cases, the earlier epoch 1 data used for comparison were taken from Welty, Hobbs & Kulkarni (1994, Henceforth refered to as WHK) and Welty, Morton & Hobbs (1996, Henceforth WMH) . WHK observations of Na i D1 only, were made in 1987-89 on a coudé spectrograph of the 2.7m telescope at McDonald observatory. WMH observations of Ca ii were obtained between 1993 and 1995 with the 0.9m coudé feed telescope and 2.1 m coudé spectrograph of the Kitt Peak National Observatory, and with the Ultra-High Resolution Facility (UHRF) on the 3.9 m Anglo-Australian Telescope in 1994. All of these epoch 1 data have very high S/N ranging 100-700 averaging around 300, and spectral resolution of R ∼ 214, 000 − −938, 000. Twenty-one sightlines had two epochs available so the McDonald data set is therefore significantly smaller than that from UVES, but has nearly twice the spectral resolution and a significantly longer interval between epochs. The WHK Nai spectra have higher resolution and so were degraded using a Gaussian of appropriate resolution, for comparison with our later observations. Data were reduced using standard methods within iraf. Spectra were renormalized to remove stellar continua and telluric correc- tions were applied where necessary in the same manner as described above for the UVES data set.
McDonald Data
Additional observations were taken at the W.J. McDonald Observatory with the Tull coudé echelle spectrograph on the 2.7m Harlan J. Smith telescope (Tull et al. 1995) during May-June 2008 and July 2014. Spectra were acquired at two different wavelength settings. One setting provided the principal interstellar lines Ca ii K and Ca i at 4226Å, as well as the potential for detecting lines from K i at 4044Å and molecules CH, CH + and CN. A second setting covered the interstellar Nai D lines. Both settings provided a resolving power R 140, 000 − 160, 000.
The final stellar sample is outlined in Table 2 . The galactic coordinates, V-band magnitude, B-V colour and E(B-V) reddening (Hunter et al. 2006 ), proper motions, parallaxes (van Leeuwen 2007 and spectral types (taken from the POP web site (Bagnulo et al. 2003) , WHK and WMH) are listed for each sightline. Table 2 . The stellar sample. Columns are as follows: the HD number of the star; the galactic coordinates l and b; the V band magnitude, B − V colour and reddening E(B − V ) (Hunter et al. 2006) ; the proper motions in right ascension (µα) and declination (µ δ ), the parallax (π) (from van Leeuwen (2007) ) the spectral types and the instrument used to obtain our data set. Table 3 . Most distances were calculated from the parallax recorded in van Leeuwen (2007) as these tended to be the most reliable. The distance estimates from Hunter et al. (2006) were calculated using the spectroscopic parallax methodology given in Diplas & Savage (1994) . The distances, along with the proper motions of the stars (van Leeuwen 2007) were used to calculate the transverse displacement on the sky during the interval between epochs by trigonometry, to allow us to set some limits on the scale over which any variation in the ISM occurred. We must note that there is no way to account for the motion of the clouds themselves which could act to increase or decrease this estimate on the scale of the structure in question, for example, if we assume the cloud itself to have a transverse velocity of 5 km s −1 , then in 6 yr it will have moved ≈ 6 au, and depending on the direction of this motion, it could increase or decrease our transverse distance estimates calculated using the proper motion of the background star. We can therefore only say that the distance the star has moved across the sky is an indicator of the true scale of the ISM structure. Table 2 Table 1 . Interstellar absorption-lines investigated in this paper, given in order of increasing wavelength. The wavelengths λ air and oscillator strengths f are taken from Morton (2003) for the atomic species, Black & van Dishoeck (1988) for CH (mean of two unresolved transitions) and for CN, and Gredel, van Dishoeck & Black (1993) lists our final sample, whilst Fig. 1 shows a histogram of the transverse distance moved for the 104 stars between the two epochs.
Stellar distances and proper motions
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Column Densities
For sightlines where variations were detected, column densities were calculated using the vapid suite (Howarth et al. 2002) . This assumes Gaussian line of sight velocity distributions of pure absorbers in each cloud (Strömgren 1948) , and so can obtain values for column density (N ), central velocity (v) and velocity dispersion (b) for each component of a specified absorption profile by fitting multiple Voigt profiles. Even at the high spectral resolution of the current study it is likely that most components will be unresolved at least in the UVES data set. WHK investigated the statistics of line widths and component separations at a significantly higher resolution than our UVES data. They found a median b(Na i) of 0.73 km s −1 and median separation between adjacent components of about 2 km s −1 (their figs. 5 and 7). Even at such high resolutions, these values are expected to be over estimates of the true values, and so the likelihood of unresolved structure in our UVES data is very high.
For Na I, the D1 and D2 lines were fitted simultaneously, as were the H and K lines of Ca II. As very few velocity components showed variation between epochs, these stable components were measured in epoch one and fixed when fitting epoch 2, allowing us to accurately quantify the change in column densities in the varying components.
Column densities for all varying sightlines were recalculated, changing the instrumental resolution by 10 % and fixing the velocity values within vapid, allowing the b-value and column density to vary freely. In most cases the differences derived due to the change in resolution were negligible, and well within the errors presented for the column densities. The only sightlines where larger variations due to this change in resolution were found, were in the particularly narrow components. However, even in these cases the variation caused by changing the instrumental b-value was small when compared with the variation seen between epochs.
RESULTS
In this section the results of the search for time variability in the twin-epoch spectra are discussed. We note that Oand B-type stars have high multiplicity (Mason et al. 2009; Sana et al. 2013) , and so great care must be taken not to confuse variations in stellar or circumstellar features with interstellar ones. Each pair of spectra and their residuals in the transitions listed in Table 1 were searched by eye for evidence of differences between epochs. Only the strong lines of Na i D, Ca ii H&K and the weaker Ca i showed convincing evidence for significant interstellar variation. The Na i D lines and Ca ii H&K transitions each form a doublet, so putative variations were required to be present in both components of the doublet before they were accepted as real. For Ca i, the variations are always seen at the same velocity as corresponding variations in Na i or Ca ii which provides confidence in their reality.
Of the total 83 twin-epoch UVES spectra analysed, 80% show no significant difference between the two epochs in any species. 2% show variation caused by eclipsing companions, 12% show changes that are probably due to circumstellar material, and 6% show possible time variation in one or more velocity component caused by interstellar absorption -typically there are 5 velocity components per sightline. The sightlines where stellar or circumstellar variation are visible could also exhibit interstellar variations but they would be hidden due to the more prominent stellar-circumstellar profile changes. For the McDonald data, none of the sightlines show any substantial or convincing interstellar time variation. The following subsections discuss each of the timevarying spectra.
Sightlines that show time variation in stellar or circumstellar spectra
Several of our sightlines show variations in the stellar spectra or circumstellar environment. Four such stars (HD 125823, HD 137509, HD 199728 and HD 22364) are classified as magnetic chemically peculiar stars (Kochukhov & Bagnulo 2006) , while HD 145792 is classified as a chemically peculiar, helium strong star (Catanzaro 2008) , and so variations in the spectra between epochs are to be expected. Some of the other stars have been grouped by their spectral classification below, explaining their spectral variations.
Binary systems HD 123515 and HD 47116
HD 123515 is a short-period double-lined spectroscopic binary pulsating star (Aerts et al. 1999) . Figure 2 shows CH (4300Å) and Na i D2 (5895Å) spectra towards the object at the two epochs. HD 47116 is also a star in a double system as can be seen from its spectra in Fig. 3 . nents (Štefl et al. 2012 , and references therein). HD 94910, HD 90177 and HD 148184 have also been widely studied, (e.g. Burbidge 1952; Henize 1952) and show the similar spectral characteristics of B(e) stars. Any ISM lines have profiles so compromised by the stellar variation in such sightlines, that we therefore classify the changes in these spectra as circumstellar in nature, and their ISM lines are not discussed further.
Possible time-variable spectra in the interstellar medium
In total fix targets (6%) from the UVES sample show apparent temporal variations in interstellar lines, which are unlikely to be explained by stellar changes. A summary of all the sightlines where possible variation is seen can be found in Table 4 , and are discussed individually below.Although it is possible that some variations may be caused by slight resolution differences between epochs (see Sect. 2.5), had this been the case it would be expected that variation would be much more frequently observed throughout the data set. As 80 % show no variation we are convinced that these five sightlines show genuine evidence of fine-scale structure. 
HD 112842 -possible Na i D and Ca ii H & K variations
Possible variations can be seen in intermediate velocity gas in the profiles of both the Na i D and in Ca ii H & K lines in this sight line ( Fig. 6 and Fig. 7) , with the components at −40 km s −1 stronger in epoch 1 in all cases. The proper motion of this star is 9.2 au yr −1 , and there are 5.2 yr between epochs 1 and 2. Hence the star has travelled ∼48 au perpendicular to the line of sight between epochs. The column density of the −40 km s −1 components decrease from log N (Na i ( cm −2 ))=11.45 ± 0.01 to 11.36 ± 0.02, log N (Ca ii ( cm −2 ))=11.72 ± 0.12 to 11.33 ± 0.11, or a change of 19 percent in Na I and a factor of 2.5 in Ca ii. No variations are seen in other species. For this sightline we have obtained 3rd epoch observations on 29 November 2013, which are also plotted in Fig. 6 and Fig. 7 . It can clearly be seen in Ca ii H & K that there is no variation at all in the 5.6 yr and 51.9 au between epoch 2 and 3, and so residuals plotted are between epoch 1 and 2. For Na i D, resolution changes are visible between 2008 and 2013, making it impossible to quantify if there is any real variation in the 3rd epoch, and so the residuals plotted are once again, only between the earlier two epochs. To verify that the variation is not solely due to differences in the resolution between epochs, Gaussian smoothing was applied to the data in an effort to make the effective instrumental resolution the same in all epochs. It was found that changes in resolution could not force all components to match in all epochs, implying that the variation is real. Ca i may also show a decrease between epoch 1 and 2, although the quality of the epoch 2 data is not optimal at this wavelength to see convincing variation and the Ca i lines are weak.
HD 112842 is at a distance of ∼2.1±0.5 kpc and lies in the Centaurus OB1 stellar association. Observations of H i towards this region have revealed a large expanding shell (GSH 305+04-26) with a velocity range of −33 to −17 km s −1 and estimated distance of 2.5±0.9 kpc and dimensions of 440 × 270 pc (Corti, Arnal & Orellana 2012) . As HD 112842 is predicted to be closer than the H i shell, this implies there is fine-scale structure in the normal diffuse ISM. However, the errors on the distances are large and so there remains the possibility that the variation seen is caused by part of the shell. Na i absorption is detected in the velocity range, although the variable component is more blue-shifted than expected for the shell.
HD 113904 -Possible Na i D variations
HD 113904 (θ Mus) is a WR star with a binary companion (WR 48 WC5+O6/7V) and possibly has an additional O9.5/B0Iab-type supergiant companion (Sugawara, Tsuboi & Maeda 2008) , located in the same area of the sky as the Centaurus OB1 association. However the proper motion of the star is in the opposite direction to the members of this association. Hence, Corti, Arnal & Orellana (2012) deem it is unlikely to be part of Cen OB1. Stupar, Parker & Filipović (2010) give the distance as between 0.9 and 1.3 kpc, and from Hα imaging postulate that the nebulosity seen near to the star is not a WR shell but in fact a possible optical supernova remnant and complex of H ii regions.
The bluest-shifted component, (see Fig. 8 ), at −60 km s −1 , shows possible variations in intermediate velocity gas in both Na i lines in this sightline, with stronger absorption at epoch 2. As the proper motion of this star is 13.48 au yr −1 , and there are 6.7 yr between observations, the transverse displacement is ∼91 au. Although these variations are small -log N (Nai) for this component increases from 11.52 ± 0.01 dex to 11.56 ± 0.01 dex (10 percent) -they can be seen in the residual plots. For this sightline, we have obtained 3rd epoch observations from 29 November, 2013 which are also plotted in Fig. 8 . No variation is visible over the 75.8 au traversed between 2008 and 2013, so the residuals plotted are only between the earlier two epochs. There are some instrumental effects acting upon these spectra, as we can see the resolution is not identical for all three epochs. However, the variation we do see is strong enough to be identified despite these slight differences in resolution.
HD 163758 -Possible Na i D variations
HD 163758 is a WR star of spectral type O6.5Iaf at a distance of 4.1 ± 1.2 kpc. For this sightline we were able to acquire epoch 3 data, observed on 19 September 2013. In Fig. 9 we can clearly see variations in two of the components of both Na i D lines, at −26 km s −1 and +19 km s strengthens by a small amount between 2002 and 2008, log N (Na ( cm −2 ))=11.87 ± 0.02 to 11.90 ± 0.01, a 7% change, and then by a much larger degree between 2008 and 2013, to 11.99 ± 0.01, a 32% change. These variations can very clearly be seen in the residual plots of each Na i D line. Between epoch 1 and 2 the star moves 160 au in 6.7 yr and in the 5.4 yr between epoch 2 and 3 travels 130 au. We note, there are some slight differences in resolution between the three epochs due to instrumental effects, as can be seen, for example at 0 km s −1 , possibly bringing the weaker variations into question. As the strongly varying component is very narrow, the changes in resolution have more effect on this component. However, even varying the spectral resolutions by 10 percent cannot account for the stronger variations that we see, (see Sect. 2.5).
HD 50896 -possible Na i D variations
In the sightline of the well-studied WR star HD 50896 (WR 6) (see Fig. 10 ), the component at 21.3 km s −1 has strengthened in both Na i D lines by a factor of 2.3, from log N (Na (cm −2 )) = 12.50 ± 2.0 to 12.87 ± 2.0 in epoch 2, showing possible variation in the 6.7 yr between the two observations. These components have particularly small bvalues (of ≈ 0.5 km s −1 ), meaning they are unresolved and therefore uncertain, leading to large errors in the column densities, which should be regarded as approximate estimates. The proper motion of the star is 7.97 au yr −1 , so the transverse displacement is only 53.2 au. These variations are small but tweaking the continuum fitting and resolution would only prove to increase the variations, and so we are sufficiently convinced that these variations are real.
HD 29138 -Ca i and Ca ii variations
The variations seen in the sightline of HD 29138 are the most dramatic in the whole sample, and can very definitely not be due to differences in spectral resolution, as changing the instrumental resolution of this sightline by 10 percent resulted in no changes in the column densities at all.
HD 29138 is a B1Iab star located far from the plane of the Milky Way (b = −30.5
• and d = 3530 pc). Significant variations in Ca i and both Ca ii H&K lines can be seen. All calcium lines show changes at −18.6 km s −1 where a feature seems to diminish in all three lines in epoch 2 (Fig. 11) . The change in the Ca ii column density of this profile is 0.13 dex (or 35 percent), from 11.53 ± 0.05 to 11.40 ± 0.01 dex. As the Ca i component disappears completely in epoch 2, we were only able to measure a column density for epoch 1. However, using the S/N of the spectra at both epochs (see Section 3.4) it was possible to calculate an upper limit for the column density of Ca i in epoch 2. The difference between this upper limit and epoch 1 is 0.47 dex, i.e. the column density decreases from 9.60 ± 0.02 to an upper limit of 9.1 dex (change of a factor of 3.2). As the proper motion of this star is 32.8 au yr −1 these changes in the profiles occur over 210 au, due to the 6.4 yr between epochs. Although the changes are relatively small, the fact that we see variations in three lines and two species at the same velocity indicates that they are real. We do not see obvious variation in Na i or Ti ii (which is usually closely correlated with Ca ii; (Welsh et al. 1997; Hunter et al. 2006) ) which could indicate circumstellar variation (c.f. Kiefer et al. 2014) . However, the Na D doublet is stronger than the Ca lines and so any small variation would be very difficult to see. epoch 3 data were obtained for this sightline on 19 September, 2013, 5.3 yr after epoch 2 accounting for a transversed distance of 172 au but no further variation is observed.
The epoch 1 data also shows an unresolved line corresponding to Fe i at 3859.9114Å, with central velocity of −19.2 km s −1 and column density in the optically thin approximation of log N (Fe i)= 11.66. The line disappears in the second epoch, with a 3σ upper limit to its column density of log N (Fe i)= 11.32. The epoch 3 data are too noisy to set firm limits on the Fe i. The Fe i line observed in epoch 1 is close in velocity to that observed in Ca i (4226Å) which has v = -18.6 km s −1 . We would expect to see a stronger Fe i feature at 3719.93Å due to its larger oscillator strength, however, no absorption is detected at this wavelength, casting doubt on the reliability of the line observed at 3859.91 A. Using the Nai D1 line we have calculated an approximate column density for Na i of log N (Na ( cm −2 )) ≈ 10.9 dex and a Ca i abundance of log N (Ca ( cm −2 )) = 9.6 ± 0.1 dex, yielding a relatively high Ca i/Na i ratio. If the observed change in line strength of Fe i is real, then the disappearance of both Ca i and Fe i, combined with the high Ca i/Na i ratio, suggest that the variable component is an example of the "CaFe" clouds noted by Bondar et al. (2007) and discussed by Gnaciński & Krogulec (2008) and Welty, Simon & Hobbs (2008) . The enhanced Ca i and Fe i in these cases could be due to some combination of dielectronic recombination and milder than usual depletions at temperatures above ≈ 5000 K.
Sightlines showing no time-variations
The vast majority of the sightlines in our survey show little or no variation in line profile between the two epochs for the interstellar species isolated and examined. However at our spectral resolution (R=80,000) there is always the possibility that there are blends in the absorption-lines of our observations.
We estimated upper limits to the changes, ∆ log N Epoch2 , in the column density of each interstellar component by using the the expression:
where ∆ log N epoch1 is the error in the log of the column density of each component for epoch 1 from Papers I and V, S/N epoch1 and S/N epoch2 are the signal to noise ratios from epoch 1 and epoch 2, respectively. The column density change limit has only been derived for Ca ii K. Typical errors in the column density for epoch 1 are from 0.02 to 0.06 dex, being on average twice as large for epoch 2. The resulting 3σ upper limits to changes in Caii are thus typically 0.1 to 0.3 dex.
None of our McDonald sightlines show very clear variation. Two of this sample, namely HD 91316 and HD 149757, show some possible variation. However the difference in resolution between epochs cast doubt on the reliability of such variations. As this variation is not as convincing as that of the UVES sightlines, they are not included in our final results here, but some discussion of these sightlines is provided in Appendix A.
DISCUSSION
In this section we discuss the main results of this survey and relate these to the idea of biased neutral formation in the ISM (Lauroesch & Meyer 2003) . Excluding the sightlines where we are likely seeing changes in absorption profiles due to circumstellar material or companions, some 1% of the sightlines in Ca i, 2% of those in Ca ii, K and H, and 4% in Na i D show evidence for time variation. None was detected in Ti ii, Fe i, CN, CH + or K i (4044Å line only), most probably because the absorption features are too weak to see changes, due to depletion or smaller f -values, or in the case of Ti ii due to a broader, smoother spatial distribution. The smallest scale structure over which a change in the ISM was tentatively observed was ∼50 au, even though some 64 % of the stars in our sample moved a smaller distance between the two epochs.
Optical and H i observations of interstellar clouds imply gas densities several orders of magnitude higher than the background ISM (e.g. Diamond et al. 1989; Crawford 2002; Smith et al. 2013 ), so they are not in pressure equilibrium with the surrounding gas. Such clouds would quickly evaporate, so must be continuously generated or confined by additional sources of pressure. Heiles (1997) invoked the idea of non-spherical geometry to solve this pressure problem. Hunter et al. (2006) and Smoker & Ledoux (in preparation) Cold and dense sheets or filaments aligned along the line of sight could explain the column density variations. Heiles also suggested that observations of high proper motion stars should show variation in almost all sightlines, which is not the case in this study. Also, evidence for the low temperatures (∼ 10 K) required by the Heiles model have not been found in the cold ISM, although Jenkins & Tripp (2011) have detected a small but significant fraction of the diffuse ISM which is at high pressure.
Studies of trace and dominant ions in the UV have instead indicated that the variations may be due to local differences in ionization rather than density (Danks et al. 2001; Lauroesch & Meyer 2003; Welty 2007) . However, this does not easily explain directly-observed variations in H i (Frail et al. 1994; Diamond et al. 1989; Brogan et al. 2005) , nor the existence of au-scale structure in maps of dust emission (Miville-Deschênes et al. 2010) . Some authors have proposed alternative models, in which the observed variations are due to statistical fluctuations caused by a power spectrum of cloud sizes (Deshpande 2000 (Deshpande , 2007 .
To date, only about 25 examples of temporal variation are known (Lauroesch 2007) . Two notable searches for variation were those by Danks et al. (2001) who studied ten stars behind the Vela supernova remnant and detected four sightlines which varied, and Smoker et al. (2011) who found evidence of variation towards three out of 46 stars spread across the southern sky -similar to the numbers of varying sightlines found in this study.
Cloud electron densities and estimates of number densities and sizes
At the low densities in the ISM, ionization states are determined by the balance between photoionization and recombination. For neutral and first ionization states in equilibrium this can be expressed as;
Γ (XI )n(XI ) = αr(XI , T )n(XII )ne (2) where Γ is the photoionization rate, αr is the radiative recombination rate coefficient, ne is the electron number density and n(X) is the number density of species X (Welty, Hobbs & Morton 2003) .
Column densities of Ca i and Ca ii can be employed to estimate the electron density of the absorbing medium if it is in Ca ionization equilibrium and at a temperature of about 100 K. If we assume a constant density along the line of sight, n(X) may be replaced with N (X), i.e. number density with column density, allowing us to rewrite equation (2) for the specific case of Ca i and Ca ii which becomes:
It is necessary to assume that the Ca i and Ca ii lines sample the same material. In the sightlines where the b-value for Ca i is smaller than that of Ca ii, it is more likely that the former lies in denser regions, due to enhanced recombination. Hence, in the following discussion, it is important to bear in mind the caveat that Ca i and Ca ii may trace different regions (See Crawford 2002, for further discussion).
Using the methods of Welty, Hobbs & Morton (2003) and Smith et al. (2013) we have estimated the electron density of components in those sightlines where we see variation, and also for a sample without (where Ca i and Ca ii were present). These values are listed in table 5. The sample was chosen using the criterion that both Ca ii and Ca i components found in Hunter et al. (2006) and Smoker & Ledoux (in preparation) had comparable velocities (within 1 km s −1 of each other). As these values can only be calculated when Ca i is visible, Table 5 is therefore heavily biased towards the densest material, where Ca I is most abundant and thus easiest to detect.
Assuming that the electrons released through photoionization of atomic carbon dominate the electron density (Crawford 2002) , we can use this to estimate a lower limit to the total number density of the sightline. Adopting a carbon depletion of 60% implies a gas-phase carbon abundance of 1.4 × 10 −4 nH (Sofia et al. 1997) . Values of nH for each sightline where we have calculated ne are shown in Table  5 . These density estimates (at least those with nH ≈> 10 3 cm −3 ) are consistent with the filament structure predicted by Heiles (1997) , as found in Crawford (2002) . Typical values of nH are 10 -100, 500, and 500-5000 cm −3 for the diffuse atomic, diffuse molecular and translucent ISM respectively (Snow & McCall 2006) . As can be seen from Table 5 , all of our nH values lie in or beyond the upper range. Typical values stated in Welty (2007) of ne for the diffuse neutral gas are ≈ 0.05-0.20 cm −3 , calculated from C i, Na i and/or K i. Again all but five of the densities found in Table 5 are larger than this "normal" range. Although the values of ne and nH are high for the components in which we detect variations, it is interesting to note that they are in agreement with those for components that do not show variation.
It has generally been found that electron densities estimated from calcium tend to be higher than those derived from other species observed in the same sightline (e.g. Welty et al. 1999; Sonnentrucker et al. 2003) . Welty, Hobbs & Morton (2003) have discussed this effect in detail. The cause of this effect is unknown (Welty, Hobbs & Morton 2003) , but it has only been reported towards a handful of stars. In the absence of other tracers we cannot exclude this possibility. It is also possible that the derived densities are underestimated due to the aforementioned caveat that Ca i and Ca ii may trace different regions. If Ca ii is mostly from an outer envelope, and Ca i from a more dense region as discussed in Crawford (2002) , then the Ca i/Ca ii ratio (and hence the density) will be greater than the value listed in Table 5 .
We were able to calculate densities for 32 velocity components towards 19 stars, of which two components were found to include time-variable species (Sect. 3). High number densities of > 10 3 cm −3 are derived for all of the components. It appears that at least some regions of the diffuse ISM are at densities which are much higher than the typical values of 10 1 −10 2 cm −3 . If the assumptions leading to these values are correct, they lend credence to the high densities of (1 − 2) × 10 4 cm −3 derived by Crawford (2002) and Smith et al (2013) for κ Vel. It is also consistent with the detection of a small but significant population of diffuse ISM components which are at much higher pressure than the surround medium (Jenkins & Tripp 2011) . Conversely, density estimates from C i by Jenkins & Tripp (2011) are usually significantly lower than those estimated from Cai/Caii (Welty et al. in preparation).
Biased Neutral formation in the ISM
As in previous ISM studies [see][for a review]citeplau07, changes in Na i are more often observed than in Ca ii. Lauroesch & Meyer (2003) estimate the minimum apparent length for the size of fluctuations observable in different species, being set by the distance an atom can travel before it is ionised, i.e. the velocity divided by the photoionization rate. Using reasonable values for the velocity (estimated from the b-values) and photoionization rate, Lauroesch & Meyer (2003) estimated that Na i has an apparent scale of around 250 au, five times smaller than predicted for Ca ii, hence explaining why typically tiny-scale structure is more often seen in Na i. However, due to the higher photoionization rate of Ca i, this species should show larger time-variability than Na i. On the other hand, the relative weakness of the Ca i line means this is hard to test in practice, although we have attempted to see if such variation would be detected in the Ca i spectra where there is corresponding time-variability in Na i.
In the current sample there are five sightlines for which we have multi-epoch data for Ca i. Of these, one shows variability in both Ca i and Ca ii (HD 29138) and three either have no observed Ca i (HD 50896 and HD 112842), or have S/N insufficiently high to have detected the same percentage change in column density as seen in Na i (HD 113904). The remaining target where time variability is seen in Na i (HD 163758) shows no Ca i variation, and hence provides evidence against the biased neutral formation model. However, we caution that this star is WR, so there is always the possibility that we are observing changes in the circumstellar environment. Our results are therefore inconclusive in proving or disproving the biased neutral formation in the interstellar gas model of Lauroesch & Meyer (2003) .
SUMMARY
We have observed 104 early-type stars at twin epochs to search for time-variable structures in the ISM over periods of 5 to 20 yr. Our data set included 83 spectra with R 80,000 from UVES and 21 spectra with R 140,000 from the 2.7m telescope at McDonald Observatory. Excluding changes in absorption likely caused by eclipsing binaries or circumstellar discs, we find 5 cases within the UVES data of possible variation in the ISM. We have obtained followup third-epoch UVES and McDonald observations for the few objects which show possible change in their interstellar profiles. In only one case do we detect further variation. We expect this lack of variation, compared to Watson & Meyer (1996) who found differences in Na i towards the individual members of all 17 of the binary or multiple star systems they observed (with separations 480-29000 au), is due to the much smaller scales probed in our investigation, i.e. from ≈ 0 -360 au. Hence, although fine-scale structure seems ubiquitous on scale 480 au it does not seem to be the case on scales 360 au. We were able to calculate approximate densities, derived from the ratio of Cai and Caii, in 32 velocity components towards 19 stars, of which two components were found to include time-variable species (section 3 and 4). Density estimates are consistent with the filament structure predicted by Heiles (1997) , as more recently found in Crawford (2002) . The majority of electron densities are higher than the typical values of 0.05 -0.20 cm −3 , derived from other trace-dominant ratios (Welty 2007) . The components in which we have found variation show no significant difference in density calculations to those where we found no variation. Future work will include FEROS and HARPS data taken from the ESO archive to study an even larger sample of objects and investigate tiny-scale structure in terms of the power spectrum of the ISM.
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The Na i D absorption component at −5.6 km s −1 shows a possible change between the two epochs separated by 20 yr in D1. This variation is exaggerated when the McDonald data are compared with the models. However, when the original data (only available for Na D 5895.92Å, see Fig.  A1 ) were smoothed to allow the resolution to match that of the epoch 2 McDonald observations, the variation was less obvious. This implies a significant amount of the variation detected was due to the difference in resolution. Nonetheless this variation is still seen (however weak) in the comparison with the epoch 1 data. This sightline has been studied in detail by Barlow et al. (1995) and so we have also produced a fit using the velocity and column density values taken from Barlow et al. (1995) , but with the instrumental b-value from the McDonald observations replacing those of UHRF. The resulting fit also indicates that the component at −5.6 km s −1 shows some possible variation. To investigate this variation further, we searched the ESO archives and found four observations with HARPS of Na i D towards this star, taken between 2006 and 2014. No further variations were detected, but from 2006 onwards the −5.6 km s −1 absorption is saturated and so continued increases in column density might not be visible. Future investigation of this component will need to examine the weaker near-UV lines of Na i at 3302Å, which are not included in the McDonald data.
HD 149757 lies close on the sky to the LDN 204 filamentary cloud complex and ionizes the H ii region Sh 2-27. Radio observations of 12 CO (Le Bourlot, Gerin & Perault 1989; Tachihara et al. 2000; Liszt, Pety & Tachihara 2009) indicate that the cloud is accelerated by the radiation from ζ Oph, causing compression of the molecular cloud and dense cores. This is supported by the CO observations of Tachihara et al. (2012) , who find several cloudlets of scales ∼1000 to 10,000 au which they suggest are cold, dense and overlapping. These structures could explain the apparent small-scale variations. Their epochs overlap those probed by our McDonald spectra, but used a different instrument. They found that the column density of Na i at v = 18 km s −1 (Heliocentric velocity) decreased by ≈ 20% in 8 yr, but saw no change in Ca ii. We confirm the variations in Na i found by Lauroesch & Meyer, with the same component showing a similar variation. This is evident from (Fig. A2) but, as was shown for HD 149757, the difference in resolution between the spectra has caused some problems in the analysis of this sightline. Due to the limited spectral range available in the WHK spectra there is not much continuum visible on either side of the interstellar features and so normalisation would be difficult in this case. As noted by Lauroesch & Meyer (2003) , the continuum may have been fitted slightly too low, near the varying component at 23 km s −1 , however adjusting for this would only yield even larger differences and so cannot be an explanation for this variation. The McDonald data are plotted in the figure along with the WHK spectrum, degraded in resolution to allow for a more accurate comparison. This variation is apparent in the residual plot and so this may be showing quite strong variation in the ISM over ≈ 20 yr. However, all components of this line vary between epochs. The most redward component varies in the opposite direction to the others (believed to be affected by differences in resolution ) which helps to confirm the variation, but makes quantifying it difficult. This variation is over a scale up to 184 au, the transverse distance moved by the background star. 
